Distance is a crucial feature of health service use and yet its application and utility to health care planning have not been well explored, particularly in the light of large-scale international and national efforts such as Roll Back Malaria. We have developed a high-resolution map of population-to-service access in four districts of Kenya. Theoretical physical access, based upon national targets, developed as part of the Kenyan health sector reform agenda, was compared with actual health service usage data among 1668 paediatric patients attending 81 sampled government health facilities. Actual and theoretical use were highly correlated. Patients in the larger districts of Kwale and Makueni, where access to government health facilities was relatively poor, travelled greater mean distances than those in Greater Kisii and Bondo. More than 60% of the patients in the four districts attended health facilities within a 5-km range. Interpolated physical access surfaces across districts highlighted areas of poor access and large differences between urban and rural settings. Users from rural communities travelled greater distances to health facilities than those in urban communities. The implications of planning and monitoring equitable delivery of clinical services at national and international levels are discussed.
Introduction
The objective of the Roll Back Malaria (RBM) movement is to halve malaria morbidity and mortality by the year 2010 (Nabarro & Tayler 1998) . A number of standardized core and supplementary indicators have been established by RBM to assess progress towards effective malaria control and prevention, in concert with internationally agreed milestones for the year 2005 (Roll Back Malaria/World Health Organization 2000). To ensure efficiency in planning, monitoring and evaluation of malaria control programmes, RBM recommends that data collection be kept to a minimum and existing country mechanisms be used as far as possible. The result of this is that a number of measures vital to the analysis of equity of intervention programmes are not routinely monitored. These include the spatially defined components of equitable access to and use of health services and interventions.
Equity in service provision is increasingly being used as a measure of health system performance (Thaddeus & Maine 1994; WHO 1996 WHO , 1999 WHO , 2000 Makinen et al. 2000) .
Equity manifests itself in the distribution, access to and utilization of health services between population groups (Thaddeus & Maine 1994; Division of Statistics, United Nations 1997). Access to health services is influenced by many behavioural, cost and distance factors (Ingram et al. 1978; Igun 1979; Annis 1981; Fiedler 1981; Garner & Giddings 1985; Habib & Vaughan 1986; Thaddeus & Maine 1994; Haddad et al. 1998; Muller et al. 1998; Tanser 2000) and utilization of health services is increasingly being viewed as a function of accessibility (Phillips 1979; Annis 1981; Stock 1983; Hayes et al. 1990 ). To achieve the target of substantially reducing malaria morbidity and mortality, RBM has recognized access to prompt diagnosis and treatment of malaria as a key strategic objective (Roll Back Malaria/World Health Organisation 2000) . In addition, the overall goal of the Government of Kenya health sector policy until the year 2010 will be the deliberate restructuring of the health sector to make all health services more effective, accessible and affordable. Towards achieving these goals, one of the targets suggested in the health policy is that everyone will have access to health services within a 5-km range (Ministry of Health 1997) .
The outcome of any disease is influenced by delay in decisions to seek care, timely arrival at appropriate diagnostic and treatment services and the receipt of adequate care from service providers. Distance continues to limit access to more sophisticated diagnostics and ranges of treatments operated by formal health services to manage malaria, where microscopy and second-line drugs are regulated and not provided outside of primary health care or in community-based approaches to malaria management. In this paper we explore the application of spatial analysis of formal government service providers using a geographic information system (GIS) to define the differences between theoretical distance criteria for potential health service use and the actual distances travelled by pediatric patients seeking malaria/fever case management.
Methodology

Study area
The study was undertaken in four districts across Kenya, encompassing a range of ecological, population and health service conditions prevailing nation-wide. These were (i) Greater Kisii district (divided in 1997 into Kisii Central and Gucha districts) located in the densely populated, high-intensity agricultural western highlands of Nyanza province; (ii) Bondo district, located along the shores of Lake Victoria in Nyanza province; (iii) Kwale district in Coast province, located in the south-eastern corner of Kenya on the border with Tanzania and along the Indian Ocean; and (iv) Makueni district in Eastern province which includes an extensive semi-arid area south of Nairobi (Figure 1) . Noor et al. Page 2 Trop Med Int Health. Author manuscript; available in PMC 2010 July 30.
Developing a GIS layer of population distribution
The most recent population and housing census of Kenya was conducted in August 1999 (Central Bureau of Statistics 2001). The highest spatial resolution data readily accessible in the public domain are provided at the sub-location. This fifth level administrative unit is defined by a population of about 4250 people. Population totals recorded at enumeration areas (EA) level (the smallest census unit) were obtained for the four districts in collaboration with the National Census Bureau. Each EA comprises part of a village, a whole village or group of villages that are usually not more than 100 households (approximately 500 people). The EAs were classified into urban and rural based on expert judgement. Areas with an estimated population of 2000 people or more, a significant amount of commercial activity and well connected to the motorable transport networks were classified urban, and the others as rural (D. Nalo, personal communication). The EA maps used during the national census were digitized using MicroStation 95 (Bentley Systems Inc., USA). All digital map and attribute data for the population were exported into ArcView 3.2 (ESRI Inc., USA) in which the EA population data were linked to EA polygon maps in each district and used to facilitate display and analysis of census data in the GIS. Population totals were represented by a centroid point data within each EA polygon generated using ArcView X-tools functions.
Developing the GIS layer of health services
We developed a national spatially linked database of clinical facilities by compiling provisional district-specific lists from databases, reports and maps held in Nairobi at the Ministry of Health, Christian Health Association of Kenya, Family Planning Logistics Management Organization, Central Bureau of Statistics, the Government's Gazette and topographical maps. These were then checked by District Health Management Teams at the district level to identify omissions, replications and errors. Finally each facility was visited to complete a simple questionnaire on its status, personnel and services provided and to record longitude and latitude readings. Coordinates were recorded using hand-held 12-band global positioning system (GPS) receivers Garmin etrex (Garmin Ltd, Kansas, USA) and Trimble (Trimble Navigation Ltd, California, USA). To minimize recording errors three longitudes and three latitude readings were taken for each facility and the average reading used to position the facility. This is likely to be accurate to ±15 m (URL: http:// www.garmin.com). To explore the feasibility of the 5 km target suggested in the health sector reform strategy, we have restricted analysis to use of services provided by the government sector.
Developing GIS data of actual usage of facilities for paediatric treatment
As part of quality-of-care studies in each district, government health facilities were classified according to whether they were a dispensary or a hospital/health centre, and by the numbers of patients they managed each day. All hospitals were purposely selected while a stratified random sampling was used to select facilities in each of the other two categories as discussed in Zurovac et al. (2002) . Two survey teams were used in each district during the peak malaria burden seasons of [2001] [2002] . Each team was assigned one facility per day over 2 days at which caretakers of febrile paediatric patients attending the health facilities were asked to provide information on the patient's home village or EA, village and household heads, nearest school, bus stop and health facility. Using this information, we assigned each patient to the correct EA. Where correct information on the patient's EA was not provided, we used information on the household head, village head, nearest school and bus stop to trace the patient to the village or EA, through repeated field visits. 
Analytical methods
Analysis of potential usage of health facilities-The Thiessen polygon technique (ArcView 3.2, ESRI Inc.) was used to generate catchment areas for each government health facility in the four districts. This technique assigned each EA to the nearest health facility based on straight-line distances, creating polygon maps of facility catchment areas. Using ArcView 3.2 GIS geo-processor extension, the population of all EAs falling within a facility's catchment area was summed and recorded as the potential users of that facility. In computing potential users, all facilities, regardless of the type or size were assumed to have the same geographic drawing power for the purpose of this study, as they all provide similar out-patient clinical services (Zurovac et al. 2002) .
Using the proximity-spider diagrams program-(Vandervoort 1999) within ArcView GIS, distances in kilometre, between each EA and the nearest health facility were computed. The result was a map of straight-line distance segments between each EA and its nearest health facility. For each district we adopted an 11-point distance scale (<1, 1-2, 2-3, 3-4, 4-5, 5-6, 6-7, 7-8, 8-9, 9-10 and >10) in kilometres. We computed the number of people with access to each government health facility at each distance scale for each district. We further divided the population into those with access within and outside a 5-km threshold. Mean access distances were computed for urban and rural EA in each district. Each urban and rural EA was further stratified by type of nearest health facility and we computed mean access distance by facility type. We interpolated the distance at each EA, using ArcView 3.2, Spatial Analyst, and created access surface maps to demonstrate the variation within each district visually.
Analysis of actual usage of health facilities-We computed the distance each patient travelled to the health facility at which they sought treatment. Using the 11-point scale, we computed the number of patients who use a health facility at each distance point. In addition, we derived the mean distances travelled by all users in a district. We grouped the facilities into hospitals, health centres and dispensaries and computed the sum of patients who used facilities of different types. The mean distances travelled by facility type were then calculated to establish variation in use by facility type. Users were also classified into urban and rural and mean distances travelled by each class analysed. To establish the overall effect of distance on the use of health facilities, we plotted the relationship between the number of patients who used a facility on the 11-point distance scale both as a discrete and as a cumulative use. To determine the nature of health facility's usage against the 5-km threshold, we derived the percentage of patients who used a health facility within this distance for each district. We colour coded users based on whether they used a facility within 5 km or outside. We superimposed these coded points on the potential usage surface maps to compare the relationship between actual use against the underlying distance predicted use.
We made a statistical comparison for each district between the cumulative percentage of potential users of the facilities used in the study and the percentage of actual users based on the 11-point distance scale. We performed a logarithmic transformation of the percentages as the relationship between distance and both potential and actual facility use was positively skewed. We used a simple linear regression to test the correlation between potential use based on distances to nearest facility and actual use revealed in the survey.
Results
Greater Kisii district, with an area of 1310 km 2 had a population of 952 725 people across 1975 EAs making it the most densely populated of the four districts. This was followed by (Tables 1 and 3 ).
The analysis of straight-line distances between communities and government health facilities revealed differences between districts with 99% of the population in Greater Kisii, 80% in Bondo, 65% in both Kwale and Makueni within 5 km of the nearest government health facility (Figure 1 ). The mean distance of access to health facilities was 2.4 km in Greater Kisii, 3.4 km in Bondo, 4.7 km in Kwale and 4.5 km in Makueni (Table 2 ). In addition, the overall distribution of population around health facilities peaked at 2 and 3 km ( Table 2 ).
The usage patterns of services by febrile paediatric patients in the districts showed that 80% in Greater Kisii, 84% in Bondo, 64% in Kwale and 65% in Makueni used a government health facility at 5 km with the 5-6 km distance being the location of the point of inflection where the rate of change of usage slowed (Figure 2 ). There was a general reduction in number of patients using health facilities as distance from facilities increased, with major peaks at 2 or 3 km in the four districts (Figure 3 ). There was a marked disparity between the districts in terms of the overall mean travel distances to health services. Users in both Kwale and Makueni districts, whose populations had relatively poor access to government health services, travelled a mean distance of 5.4 km while those in Greater Kisii and Bondo travelled mean distances of 3.9 and 3.2 km, respectively. Overall, patients travelled greater distances to hospitals than to health centres and dispensaries (Table 3) . Most patients, 56% in Greater Kisii, 68% in both Kwale and Makueni and 83% in Bondo, used the nearest government health facility. The overlay of actual users classified into those using a facility within or outside 5 km showed that most of those who used a facility at distances >5 km, came from areas where overall access was >5 km (Figure 4 ). Of the 68-205 patients who were 5 km from a health facility but used one at a greater distance, 65-74% of them in the four districts used an inpatient facility (hospital or health centre), mostly the nearest one.
The statistical comparison of percentage potential use and percentage actual use on the 11-point distance scale showed a high correlation significant at the 1% level in all the districts (Table 3) . In an optimal situation, where all users go to the nearest health facility, the correlation between the percentages of distance predicted potential users and that of actual users revealed in the survey would have a value of one. The statistical analysis revealed a coefficient of determination (R 2 ) in Greater Kisii of 0.879; Bondo 0.706; Kwale 0.996 and Makueni 0.927.
Within all four districts, there were variations in theoretical access between communities, with urban populations generally having good distance access to health services compared with rural populations. Rural populations were 0.6-3.6 km further from the nearest health facility than their urban counterparts. In addition, in all the districts, except Greater Kisii where almost the entire population was within 5 km of a health facility, a greater proportion of the rural population was outside this threshold from GoK health services than urban populations. In Bondo, the entire urban population was within 5 km of a health facility compared with 78% of the rural population. In Kwale these were 97% urban and 61% rural and in Makueni 85% urban and 63% rural ( Table 2 ). The analysis of actual use data revealed Europe PMC Funders Author Manuscripts that rural populations in all four districts travelled an average 0.7-5.1 km more than urban populations to the health facilities they attended. There was a close relationship between use of health facilities for the treatment of fevers among urban and rural populations and their underlying access to health facilities. Of the patient population seen at the facilities, over 90% of the attendees were from rural areas (Table 3) . Rural areas in these districts are home to over 85% of the population (Table 1) .
Discussion
We used GIS to define the population's overall access to government health services and their use of these services for the treatment of paediatric fevers in Kenya through straightline distance analysis. This disclosed marked disparities in theoretical access between districts and within districts, particularly urban and rural differences. The difference in access between urban and rural communities were larger in the relatively large, low population density districts of Kwale and Makueni than in the relatively high density, but small districts of Greater Kisii and Bondo. In both Kwale and Makueni, 35% of the population was more than 5 km from a government health facility. However, while there was greater disparity in access between urban and rural communities in Kwale than in Makueni, overall 15% of urban and 37% of rural population in Makueni were outside the 5-km threshold compared with 3% of urban and 39% of rural populations in Kwale. The results from the analysis of febrile patients attending government facilities show that rural populations on average travelled greater distances to health facilities than urban populations, the greatest difference being in Makueni at 5.1 km and the smallest in Bondo at 0.7 km.
The actual usage analysis of health facilities for the treatment of fevers also showed that 56% or more of the users in all districts attended the nearest government health facility. Further, the number of patients using a facility decreased as the distance from that facility increased. In all districts, however, use peaked at 2-3 km from health facilities corresponding to the peak in population distribution at this distance. A further possible influence on this trend is that the urban population has an increased ability to access private healthcare. In view of the 5-km threshold defined as a target in the health sector reform, over 60% of users in all the districts attended health facilities within this distance. There was a striking congruence between the theoretical proportion of the population having access to health facilities within 5 km, and the proportion of users attending them at this distance. In addition, Figure 2 shows that the 5-6 km distance is the point of inflection, where the rate of change in use slows and the gradient of the curve steadily changes. It appears, from a spatial perspective, that the appropriate access target lies between 5 and 6 km. Of the patients who did not attend the nearest health facility 65-74% used a more distant health centre or a hospital, indicating that there might be other non-distance factors, such as perceived quality of services, which determined the use of health facilities.
Malaria case management is a cornerstone of the Kenyan National Malaria Strategy and the international RBM movement. Case management will be operated at all levels of the health sector and by multiple government and non-government service providers. However, new drug policies, essential drug distribution, regulation and capacity development of health facilities are often limited initially to government service providers. As such our analysis has focused only on government health facilities. We recognize the importance of other sectors such as the informal shopkeepers, community-based health workers, the private clinical services and those provided by NGOs and missions and their interaction with government services in influencing choices of service use for treatment of paediatric fevers. Analysis of these other choices in fever management will be the subject of separate community-based surveys in each of the four districts described in this paper. 
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In this paper we have explored an important component of access to malaria case management services. The use of Thiessen techniques requires that two assumptions be made; that all clients will use the nearest health facility and that they will all travel along a straight line path. A number of studies have revealed differences in outcome between straight-line distance analysis and that based on actual transport network (Parker & Campbell 1998; Tanser 2000) . Under a larger ongoing project aimed at establishing composite indicators of physical access to GoK health services in Kenya, high spatial resolution of population, health facilities, transport network, elevation, drainage, forests, parks and informal outlets that sell anti-malarials have been developed for all four districts. Using GIS, analysis of access to health services based on actual transport network, adjusted for the influence of elevation, drainage, other transport barriers and multiple provider choices will be defined.
The core and supplementary RBM indicators were established with the aim of making the monitoring and evaluation exercise simple and using the existing country mechanisms as far as possible for data collection. Equity in access to services is not considered. The analysis of physical access to and use of interventions and its impact on issues related to equity at the district level is an area that should be possible to capture easily. The potential of GIS/GPS technology in defining access and utilization of health services and its contribution to planning and resource allocation has been the subject of a wide variety of studies and has been found to be an important health research and decision making tool (Twigg 1990 . Much work has also focused on investigating environmental correlates of malaria admissions from health facility data with a view to understanding and ultimately predicting temporal variation (Hay et al. 1998 (Hay et al. , 2001 . Detailed information on the distribution of the health facility catchment population for this work is often lacking. These results also provide important evidence that the appropriate area over which to define the catchment population is between 5 and 10 km capturing on average 70 and 90% of admissions in Kenya.
We have demonstrated that readily available combinations of spatial data on health service location and population can be used within GIS to define physical access and that this corresponds closely to actual usage of services for fevers. The implication is that detailed, facility-based surveys of usage may not be required to define populations who have limited access to clinical services and could be used within a more detailed analysis of equity of service provision to gauge performance. The access surfaces produced by interpolating distances to the nearest health facility at each EA classified the districts into areas of different access categories and provided simple but visually powerful tools that can be used for making decisions in resource allocation at the district level. Similar approaches might be applicable to design and analysis of the provision of insecticide-treated net services through social marketing, private sector approaches or through public health institutions. Almost the entire population in Greater Kisii is within 5 km of a government health facility. In Bondo, Kwale and Makueni, 80%, 65% and 65% of the population were within 5 km of a government health facility, respectively. Cumulative health service use against distance travelled to government health facility where treatment was sought for the four districts. The line --■--represents Greater Kisii, --■--represents Bondo, --■--represents Kwale and -■-represents Makueni. The y-axis shows the cumulative percentage of patients in each district who travelled to a health facility at the distance (km) value shown on the x-axis. The cumulative percentages were computed by summing all patients who went in a district who used a facility at each distance on an 11-point scale (0-1, 1-2, 2-3, 3-4, 4-5, 5-6, 6-7, 7-8, 8-9, 9-10 and >10 km General decay in use of government health facilities as distance from health facilities increased. The line --■--represents Greater Kisii, --■--represents Bondo, --■--represents Kwale and -■-represents Makueni. The y-axis shows the percentage patients in each district who travelled to a health facility at the distance (km) value shown on the xaxis. The percentage use was based on a discrete number of patients in each district using government health facilities at each distance, from 0-25 km. The logarithmic relationship was worked out using a simple linear regression comparing logarithmically transformed percentage proportion of distance predicted users and actual users at each distance interval. Table 2 Populations theoretical overall mean straight-line distance access to all GoK health facilities in each of the four districts and coverage within the 5-km threshold Table 3 Number of paediatric patients who attended GoK health facilities during the study period and their patterns of use of health facilities for the treatment of fevers determined by distances travelled We performed a logarithmic transformation of percentage potential and actual use at similar distances and used a simple linear regression to test the correlation between potential use based on distances to nearest facility and actual use revealed in the survey.
